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ABSTRACT 


Bentharca xenophoricola (Kuroda, 1929) and Bentharca rubrotincta Kuroda & Habe in 
Habe, 1958, from Japan are re-examined. Based on comparison with the material of 
Bentharca asperula (Dall, 1881) and Asperarca nodulosa (Müller, 1776), the type species 
of Bentharca Verrill & Bush, 1898, and Asperarca Sacco, 1898, respectively, as well as on 
the description, pictures, and photos of De/taodon tugelae Barnard, 1962, the type spe- 
cies of Deltaodon Barnard, 1962, the following new combinations are suggested: Asperarca 
xenophoricola (Kuroda, 1930) and De/taodon rubrotincta (Kuroda & Habe in Habe, 1958). 
Asperarca xenophoricola has an elongate, inflated, thick shell, with a weakly hirsute 
periostracum, commarginal lamellate ridges made nodulose by the closely spaced, high 
radial riblets, and narrow, slightly curved hinge plate, with teeth divided into anterior and 
posterior sets by a narrow edentulous gap. The anterior set of this species has 7-14 long 
teeth; the posterior set 6-9 oblique teeth that diverge to a varying degree. This species 
occurs off Japan, China, and southeastern Australia at depths from 50 to 500 m. Deltaodon 
rubrotincta has a high, moderately inflated, thick, reddish-brown shell, with white rays and 
spots, commarginal lamellate ridges and high, nodules, widely spaced radial ribs, a broad, 
strongly curved hinge plate, with teeth divided into anterior and posterior sets by a shallow, 
oblique groove. The anterior set of this species forms an oval group of 4—7 long, mostly 
curved, boomerang-shaped teeth. The posterior set has 9-18 long, oblique teeth that di- 
verge to a varying degree. This species occurs off Japan and China at depths from 100 to 


200 m. Expanded descriptions of these species are presented. 
Key words: Bentharca, Asperarca, Deltaodon, systematics, morphology, distribution, 


northwestern Pacific. 


INTRODUCTION 


Bentharca Verrill & Bush, 1898, species are 
widely distributed in the world’s oceans (Dall, 
1881; Verrill & Bush, 1898; Knudsen, 1967, 
1970; Oliver & Allen, 1980; Oliver & Cosel, 
1993), including the North Pacific (Kuroda, 
1930; Habe, 1958, 1977, 1981; Li, 1984; Habe 
et al., 1986; Hayami & Kase, 1993; Higo et 
al., 1999; Coan et al., 2000; Okutani, 2000). 
The shell morphology of most species of 
Bentharca has been described in detail (Dall, 
1881; Knudsen, 1967, 1970; Oliver & Allen, 
1980; Hayami & Kase, 1993; Coan et al., 
2000). Exceptions are Bentharca xeno- 
phoricola (Kuroda, 1929) and Bentharca 
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rubrotincta Kuroda & Habe in Habe, 1958. The 
descriptions of these species given in the lit- 
erature are brief (especially for B. xeno- 
phoricola) and sometimes without illustrations 
(Kuroda, 1929, 1930; Habe, 1951, 1958, 1977; 
Li, 1984; Okutani, 2000). The present study 
of the shell morphology of these species and 
the representatives of other genera of the 
Arcidae has shown that B. xenophoricola and 
B. rubrotincta should be placed in the genera 
Asperarca Sacco, 1898, and Deltaodon 
Barnard, 1962, respectively. In this paper, | 
give expanded descriptions of B. xeno- 
phoricola and B. rubrotincta, supplemented by 
new data on their shell morphology that sup- 
port the new combinations. 
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MATERIAL AND METHODS 
Material Studied 


The collections of the following taxa were 
used: Bentharca asperula (Dall, 1881) (LACM, 
MIMB, NMNZ, NMW, NSMT); Asperarca 
nodulosa (Müller, 1776) (NMW); B. rubrotincta 
(NSMT); B. xenophoricola (NMW); Samacar 
strabo (Hedley, 1915) (AMS); Samacar paci- 
fica (Nomura & Zinbo, 1934) (NSMT, SBMNH); 
several species of Acar Gray, 1857; Barbarca 
Dall, Bartsch & Rehder, 1938; Barbatia Gray, 
1842; Bathyarca Kobelt, 1891; Coraliarca 
Habe & Okutani, 1968; Hawaiarca Dall, 
Bartsch & Rehder, 1938; and Mimarcaria 
Iredale, 1939 (CAS, MIMB, NSMT, RBCM, 
SBMNH, UW, ZIN). Bentharca asperula from 
New Zealand was fixed and stored in 70% 
ethanol. All other material was stored dry. 


Shell Measurements 


Figure 1 shows the shell morphology mea- 
surements. Shell length (L), anterior end length 
(A), height (H), width (W), and interumbonal 
distance (L1) were measured for shell pairs 
and each valve. The ratios of these param- 
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FIG. 1. Placement of shell measurements: L — 
length; H — height; A — anterior end length; W — 
width; L1 — interumbonal distance. 


eters to shell length (A/L, H/L, W/L, L1/L, re- 

spectively) were determined. Anterior and pos- 

terior teeth in each valve were also counted. 

Shell measurements were made using a cali- 

per and an ocular micrometer with -an accu- 

racy of 0.1 mm. 

The following material was measured: 

(1) twenty-four specimens and four left valves 
of Bentharca asperula from the Pacific and 
Atlantic oceans: North Pacific (NMW 
1955.158.10248, 6 specimens); Tufts 
Abyssal Plain, North Pacific (LACM 1976- 
84.10, 1 specimen); Kermadec Ridge, 
South Pacific (NMNZ M.174251, 6 speci- 
mens); southwestern Africa, Atlantic (MIMB 
12373 (donation from NMW), 10 speci- 
mens); Azores, North Atlantic (LACM 70- 
255.2, 1 specimen); Florida, North Atlantic 
(NMW 1955.158.10247, 4 left valves). 

(2) ten specimens of Asperarca nodulosa from 
Norway, northeastern Atlantic (NMW 
1955.158.10252, 6 specimens; NMW 
1955.158.10253, 4 specimens). 

(3) nine specimens of Bentharca xenophori- 
cola from Japan, northwestern Pacific 
(NMW 1955.158.10256, 7 specimens; 
NMW 1955.158.10257, 2 specimens). 

(4) six specimens of Bentharca rubrotincta 
from the Ryukyu Archipelago, Japan, north- 
western Pacific (NSMT 51916). 


Methods Used 


For scanning electron microscopy, shells 
were cleaned of traces of soft tissues and 
periostracum in a strong commercial bleach, 
washed in distilled water, and dried. They were 
then mounted on aluminium stubs using ad- 
hesive tape and coated with gold for exami- 
nation with a LEO 430. 


Abbreviations 


The following institutional abbreviations are 
used in the paper: AMS — Australian Museum, 
sydney; CAS — California Academy of Sci- 
ences, San Francisco; IMB — Institute of Ma- 
rine Biology, Russian Academy of Sciences, 
Vladivostok; LACM — Natural History Museum 
of Los Angeles County, Los Angeles; MIMB — 
Museum of the Institute of Marine Biology, 
Vladivostok; NUNZ — Museum of New Zealand 
Te Papa Tongarewa, Wellington; NMW — Na- 
tional Museums & Galleries of Wales, Cardiff; 
NSMT — National Science Museum, Tokyo; 
RBCM — Royal British Columbia Museum, 
Victoria; SAM — South African Museum, Cape 
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Town; SBMNH — Santa Barbara Museum of 
Natural History, Santa Barbara, California; UW 
— University of Washington, Seattle; ZIN — 
Zoological Institute, Russian Academy of Sci- 
ences, St. Petersburg. 


SYSTEMATICS 


Family Arcidae Lamarck, 1809 
Genus Asperarca Sacco 1898 


Type species 


Arca nodulosa Muller, 1776, original desig- 
nation by Sacco, 1898: 10. 


Diagnosis 


Shell small (< 15 mm), moderately thick to 
thick, moderately inflated, ovate-trapezoidal to 
subrectangular, equivalve or slightly inequiva- 
lve (left valve sometimes larger and more in- 
flated), strongly inequilateral. Umbones 
strongly anterior, prosogyrate. Cardinal area 
wide. Shell surface with a byssal flexure more 
expressed in left valve. Sculpture of slightly 
imbricated commarginal lamellate ridges, 
made crenulate or nodulose by closely spaced, 
wide radial riblets. Periostracum thin, some- 
times slightly hirsute, with short setae along 
posteroventral margin. Hinge plate narrow, 
slightly curved. Teeth divided into anterior and 
posterior sets by an edentulous gap; anterior 
teeth short, subvertical or oblique; posterior 
teeth longer, more oblique. Adductor scars 
slightly raised. Byssal sinus faint to moderate. 
Ligament external, opisthodetic. 


Remarks 


The genus Asperarca with the type species 
A. nodulosa was separated by Sacco (1898) 
when he studied Acar cf. nodulosa (Muller) and 
described its “varieties” subandosa, 
perelliptica, carinatula, and subelliptica. Sub- 
sequently, Newell (1969) synonymized it with 
Barbatia Gray, 1842, and until recently A. 
nodulosa was placed to Bentharca (Oliver & 
Allen, 1980; Oliver & Cosel, 1993). However, 
La Perna (1998) showed that A. nodulosa, to- 
gether with a few Miocene species and two 
small Mediterranean species, form a distinct 
group to which the genus name Asperarca 
should be applied. Based on analysis of 
Noda’s work (Noda, 1988), La Perna (1998) 
also noted that in shell morphology B. 


xenophoricola is similar to Asperarca rather 
than to Bentharca. Besides the morphologi- 
cal similarity, the bathymetric range of B. 
xenophoricola is in accord with the ecological 
range of Asperarca (La Perna, 1998). 

After examination of the shell morphology of 
B. xenophoricola and type species of the gen- 
era Asperarca and Bentharca — A. nodulosa 
and B. asperula, respectively (Figs. 2—42, 
Tables 1-5), it is clear that B. xenophoricola 
should be recognized as a species of 
Asperarca. Bentharca xenophoricola (Figs. 30- 
42, Tables 4—5) differs from B. asperula (Figs. 
2—16, Tables 1-2) in having the more angular, 
elongate, inflated and thicker shell, a less ex- 
panded posterior shell end, posterior radial 
carina, stronger radial sculpture, weakly de- 
veloped hirsute periostracum, narrow edentu- 
lous gap between the anterior and posterior 
sets of teeth. In shell morphology, B. 
xenophoricola is more similar to A. nodulosa 
(Figs. 17—29, Tables 1, 3), with which it shares 
the angular, elongate, inflated and thick shell, 
a less expanded posterior shell end, well-de- 
fined radial carina, strong radial sculpture, 
weakly developed hirsute periostracum, and a 
relatively narrow edentulous gap. Therefore, 
following the recommendation of La Perna 
(1998), B. xenophoricola is here assigned to 
Asperarca. 

In addition to B. xenophoricola, four small 
species of Bentharca (shell length up to 4.0 
mm) were recorded from off Japan. These are 
Bentharca tenuis Hayami & Kase, 1993; 
Bentharca decorata Hayami & Kase, 1993; 
Bentharca irregularis Hayami & Kase, 1993; 
and Bentharca excavata Hayami & Kase, 
1993, described from the sublittoral caves of 
Ryukyu Islands (Hayami & Kase, 1993; 
Okutani, 2000). In shell morphology, these 
species are by far more similar to Asperarca 
than to Bentharca. The genus Asperarca now 
contains two small species (with a shell length 
up to 3.9 mm) described by La Perna (1998) 
from the Mediterranean Sea. Therefore, it is 
quite possible that following their detailed ex- 
amination, four small species from coastal 
waters of Japan will also be placed in the ge- 
nus Asperarca. 


Asperarca xenophoricola (Kuroda, 1929) 
(Figs. 30—42, Tables 4—5) 


Bathyarca (?) xenophoricola Kuroda, 1929: 16, 
figs. 38—39. 

Bathyarca (?) xenophoricola Kuroda — Kuroda, 
1960: 33. 
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TABLE 1. Main morphological characters of the compared species. L — shell length; H — height; W — width; L1 — interumbonal distance. 


Characters 


Bentharca asperula 


Asperarca nodulosa 


Shall shape (H/L) Trapezoidal, with strongly Trapezoidal, elongate, 
expanded posterior end; with expanded posterior expanded posterior end; 


high (0.679) 

Valve (W/L) 

Interumbonal Large (0.111) 

distance (L1/L) 

Sculpture Wide, low commarginal 
ridges and wide, flat, 
closely spaced radial 
riblets 

Periostracum Thick, gray or brown, 


strongly hirsute; dense 
setae broad to narrow 


Byssal flexure Shallow 


Hinge plate 


Edentulous gap Wide, smooth 


Hinge (number of Anterior teeth short, 
subvertical (4—10); 
posterior teeth longer, 


teeth) 


oblique (4—8) 


Subhorizontal, narrow 


end; moderately high 
(0.613) 


Moderately inflated (0.379) Very inflated (0.468) 


Small (0.062) 


Asperarca xenophoricola 


Trapezoidal, elongate, with 


moderately high (0.604) 


Very inflated (0.444) 


Large (0.103) 


Wide, slightly imbricated, Wide, slightly imbricated, 


commarginal lamellate 
ridges and wide, high, 
closely spaced radial 
riblets 


Thin, pale gray, weakly 
hirsute, with thin, short 
setae 

Very shallow 


Slightly curved, narrow 


Narrow, smooth 


Anterior teeth short, 
oblique (4—6); posterior 
teeth longer, oblique 
(10-12) 


commarginal lamellate 
ridges, made nodulose by 
wide, high, closely spaced 
radial riblets 

Thin, pale gray or pale 
brown, weakly hirsute, with 
thin, short setae 


Deep 
Slightly curved, narrow 


Narrow, smooth 


Anterior teeth subvertical 
(7-14); posterior teeth 
oblique (6-9) 


Deltaodon tugelae 


Trapezoidal, with 
expanded posterior end; 
very high (0.764) 


Deltaodon rubrotincta - 


Trapezoidal, with strongly 
expanded posterior end, 
reddish brown with white 
rays and spots; high 
(0.667) 


Moderately inflated (0.412) Moderately inflated 


Very small 


Wide, slightly imbricated, 
commarginal lamellate 
ridges and widely spaced 
radial riblets in middle part 
of shell 


Thin, hairless 


Absent in adult specimens 


Curved, broad, strongly 
widening anteriorly and 
posteriorly 


Very narrow, with shallow 
oblique groove 


Anterior teeth long, curved, 


some bifid at their lower 
ends (8—9); posterior teeth 
long, oblique to 
subhorizontal (9-13) 


(0:373) 
Very small (0.023) 


Wide, slightly imbricated, 
commarginal lamellate 
ridges and nodulose, 
widely spaced radial 
riblets of varying breadth 


Thin, pale gray, weakly 
hirsute, with thin, short 
setae 
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Shallow 


Curved, broad, strongly 
widening anteriorly and 
posteriorly 


Very narrow, with shallow 
oblique groove 


Anterior teeth long, 
oblique, mostly curved, 
boomerang-shaped 
(4—7); posterior teeth 
long, oblique (9-18) 
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FIGS. 2-16. Bentharca asperula. FIGS. 2-3, 6-7: Exterior and interior views of right (length 10.1 
mm) and left (length 10.3 mm) valves, southwestern Africa, 3975 m (MIMB 12373); FIG. 4: Dorsal 
view of both valves (shell length 8.8 mm), North Pacific (35°49'N, 179°57’W), 4605 m (NMW 
1955.158.10248); FIG. 5: Dorsal view of both valves (shell length 8.9 mm), Kermadec Ridge 
(31°06.39'S, 179°02.05'W), New Zealand, 1522 m (NMNZ M. 174251); FIG. 8: Dorsal view of the left 
valve (MIMB 12373); FIGS. 9, 12: Prodissoconch of left valve (MIMB 12373); FIG. 10: Interior view of 
left valve without periostracum (MIMB 12373); FIGS. 11, 14: Exterior view and sculpture of right valve 
without periostracum (MIMB 12373); FIG. 13: Interior view of left valve (NMNZ M. 174251); FIGS. 
15-16: Hinge of left and right valves (MIMB 12373). Scale bars = 300 um. 
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Arca (Bathyarca) xenophoricola (Kuroda), 
1929 — Nomura & Zinbo, 1934: 114. 
Bentharca xenophoricola (Kuroda) — Habe, 
1951: 33, figs. 45—46. 


Type Locality 


Kij Peninsula (central Honshu), 241 m (Kuro- 
da, 1930; Higo et al., 1999). 


Material Examined 


Nine specimens from Kij, Japan, Northwest 
Pacific (NMW 1955.158.10256, 7 specimens; 
NMW 1955.158.10257, 2 specimens); 1 right 
and 1 left valves (AMS C 047185 together with 
S. strabo), 22 mi E of Narrabeen, N of Sydney, 
New South Wales, Australia (33°42’S, 
151°43’E), 146 m, Coll. W. A. Haswell, 7-VI- 
1906 (HMCS “Miner’); 5 right and 7 left valves 
(AMS C 019797 together with S. strabo), 12.5 
mi E of Cape Byron, New South Wales, Aus- 
tralia (28°36, 153°52 E), 203 m, Coll. G: H. 
Halligan, 10-XI-1902. 


Description 


Exterior. Shell small (to 12.0 mm), trapezoi- 
dal, elongate [H/L = 0.598 + 0.051 (0.533- 
0.656)], distinctly inequivalve (left valve slightly 
larger and more inflated), inflated [W/L = 0.444 
+ 0.030 (0.406—0.490)], strongly inequilateral, 


thick, solid, white under periostracum, with a 
moderate byssal gape. Sculpture of slightly 
imbricated commarginal lamellate ridges, made 
nodulose by closely spaced, wide, high radial 
riblets. Periostracum thin, pale gray or pale 
brown, weakly hirsute, with short, thin setae 
along posteroventral shell margin. Umbones 
small, low, rounded, well anterior to midline [A/ 
L = 0.329 + 0.034 (0.290—0.373)]. Interumbonal 
distance large [L1/L = 0.103 + 0.014 (0.095— 
0.130)]. Cardinal area lanceolate, flat, wide, 
widest in front of umbones, anteriorly and pos- 
teriorly demarcated by ridges. Anterior shell end 
reduced, pointed. Posterior end expanded, 
drawn out, sharply rounded, slightly flexed to 
right, with a faint radial carina from beaks to 
ventral limit of posterior end. Central part of 
valves with a distinct, deep byssal flexure (more 
expressed in left valve) from beaks to ventral 
byssal gape. Anterodorsal margin straight, 
forming a sharp angle at transition to anterior 
margin. Anterior margin slightly convex, directed 
posteriorly, smoothly transitioning to ventral 
margin. Posterodorsal margin straight, forming 
a distinct obtuse angle at transition to posterior 
margin. Posterior margin concave, directed 
posteriorly, forming a rounded angle at transi- 
tion to ventral margin. Ventral margin deeply 
concave in area of byssal gape (concavity more 
conspicuous in left valve). Ligament opistho- 
detic, wide, short. Prodissoconch small (length 
200-220 um), D-shaped, smooth. 


TABLE 2. Bentharca asperula. Summary statistics of shell measurements (mm) and indices for sepa- 
rated valves and whole shells: L — valve length; H — height; W — width; A — anterior end length; L1 — 
interumbonal distance. Numerator indicates the summary statistics for the right valve, denominator — 
for the left valve. 


Separated valves Whole shells 
We ok HL- WE AVL L1 Fle 


Number of teeth 


Statistics L H W/L A/L L1/L Anterior Posterior 


Mean 9.19 6.07 1.98 2.82 0.661 0.215 0.306 
8.56 5.76 2.03 2.59 0.679 0.241 0.302 0.96 0.666 0.379 0.282 0.111 - : 
SE 0.36 0.25 0.11 0.13 0.011 0.008 0.007 
0.43 0.25 0.10 0.14 0.013 0.009 0.006 0.06 0.006 0.007 0.009 0.006 - : 
SD 1.29 0.91 0.39 0.45 0.041 0.029 0.025 
1.76 1.02 0.40 0.59 0.052 0.037 0.024 0.29 0.019 0.025 0.028 0.0214 - 
Min 5.7 3.9 1.2 1.7 0.581 0.172 0.252 4 4 
5.9 4.0 1.4 1.7 0.588 0.178 0.252 0.2 0.643 0.348 0.245 0.072 4 4 
Max 109 7.3 2.6 3.6 0.726 0.274 0.333 10 8 
11.2 7.3 2.7 3.6 0.800 0.308 0.333 1.5 0.693 0.424 0.326 0.158 10 8 
N © fb & BB Te L 13 13 
VY ie 7 & WwW ae hf ge tH Gee a we T7 T 
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Interior. Hinge plate slightly curved, narrow. 
Teeth divided into anterior and posterior sets 
by a narrow edentulous gap posterior to beaks. 
Anterior set long, with 7-14 teeth: 
posteriormost teeth very small, subvertical; 
anteriormost teeth large, more oblique. Pos- 
terior set with 6—9 oblique teeth diverging in 
varying degree: anteriormost teeth small, 
lamellate, subhorizontal; posteriormost teeth 
large, oblique. Adductor scars rounded-trian- 
gular, slightly raised, unequal; posterior adduc- 
tor scar larger than anterior. Shell interior 
white, with weak radial lines more conspicu- 
ous near pallial line. 


Variability 


Shell shape and proportions vary slightly 
(Tables 4—5). The shape of the posterior shell 
end varies from fairly rounded to elongate, 
angular-rounded. Some specimens have a 
straight instead of concave posterior shell 
margin. Relative height and convexity of the 
shell and the position of beaks are also slightly 
variable. Teeth of the anterior set vary a great 
deal in shape. In two specimens, the teeth are 
conically shaped and irregularly arranged. In 
another specimen, almost all anterior teeth are 
curved and expanded dorsally. Anterior and 
posterior teeth diverge to a markedly variable 
degree. The canting angle of the anterior teeth 
varies from 45° to 85°. The canting angle of 
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the posterior tooth set is 10° to 45° for the 
anteriormost teeth and 30° to 60° for the 
posteriormost teeth. 


Distribution and Habitat 


Asperarca xenophoricola occurs off Japan 
from Suruga Bay, Honshu to Kyushu (Kuroda, 
1930; Habe, 1958, 1977, 1981; Habe et al., 
1986; Higo et al., 1999; Okutani, 2000), in the 
South China Sea (Higo et al., 1999), off China 
(Li, 1984), and off southeastern Australia 
[33°42’S, 151°43’E, 146 m (AMS C 433165); 
28° 30'S; 153092 Ey 20 3am (AMS.C.019797))]. 
This species has been recorded at depths from 
50 m to 500 m, on rubble, attached to shells 
of gastropods Xenophora japonica (Kuroda & 
Habe, 1971) and Xenophora pallidula (Reeve, 
1842) (Higo et al., 1999; Okutani, 2000). 


Comparisons 


This species is easily distinguished from 
other species of the genus by its less keeled, 
strongly inequivalve shell with sharply rounded 
posterior end, deep byssal flexure, and deeply 
concave posterior and ventral margins. It fur- 
ther differs in that the anterior tooth set is long, 
with a larger number of teeth and the poste- 
rior set consists of small, lamellate, 
subhorizontal teeth as well as large, oblique 
teeth. 


TABLE 3. Asperarca nodulosa. Summary statistics of shell measurements (mm) and indices for sepa- 
rated valves and whole shells: L — valve length; H — height; W — width; A — anterior end length; L1 — 
interumbonal distance. Numerator indicates the summary statistics for the right valve, denominator — 
for the left valve. 


Separated valves Whole shells Number of teeth 
Statistics L H W A HL W/L AL L1 HAL W/L A/L L1/L Anterior Posterior 
Mean 8.72 5.322.24 2.62 0.613 0.256 0200 


8.90 5.34 2.20 2.62 0.602 0.246 0.294 0.52 0.571 0.468 0.287 0.062 - - 


SE 0.52 0.260.210.16 0.018 0.011 0:009 
0.50 0.260.17 0.18 0.017 0.007 0.009 0.09 0.014 0.032 0.006 0.013 - 2 
SD 1.17 0.62 0.46 0.40 0.040 0.024 0.020 
1.120.359 0.32 0.40 0.037 0.015 0.020 029 0.061 0.072 0.0132 101028 
Min TO 47 1.6 21 0666 02389 02/7 
7.3 4.7 1.8 2.1 0.547 0.235 0.274 0.2 0.547 0.393 0.268 0.034 
Max 104 63 80 31 O67) 0297 0.330 


0:644 0.272 0:326 1.1 0:625 0556 0299 0.107 


4 p Goa i & FF 
5 @ 2 93 & Fe S 0 S | FS E 


ao 0O AIA 
a ~y SN 
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TABLE 4. Asperarca xenophoricola. Shell measurements (mm), indices and summary statistics of all 
characters for separated valves: L — valve length; H — height; W — width; A — anterior end length; L1 
— interumbonal distance. Numerator indicates shell measurements and indices for the right valve, 
denominator — for the left valve. 


Number of teeth 


Specimen L H W A H/L W/L A/L Anterior Posterior 
NMW 9.0 D3 22 3.0 -0.589 0244 0.338 T i 
19557158.10257 9.6 Saf 25 3.1 0.594 0260" 10.323 8 8 
NMW 10.9 58 23 3.5 / "ODA zl O74 14 9 
1955.158.10256 12.0 6.4 ou 3.9 05339 ©2538 0.325 14 9 
NMW 10.0 6.0 26 29 0600 0.260 0.290 lal 8 
1955. 198:10256 11,0 ar 33 23 0.609 0.300 0.300 12 8 
NMW 59 37 = l4 2.2 "Q627 02397 033 i ila 
1955.158. 10256 6.1 4.0 1.6 2.2 0.656 0.262 0.361 7 6 


Number of teeth 


Statistics L W A H/L W/L A/L Anterior Posterior 
Mean 8.95 5.20 213 2.90 0587 0288: 0.329 
9.68 5.70 2.63 3.13 Q598 -0.270 7 - - 
SE 1.09 0.52 0.26 027 0020 U1. 007 
1.29 0.60 0.38 0.35 02S 0 5) - - 
SD 2.18 1.04 0.51 0.54 0.040 0.034 
2.58 1.21 0.76 0.70 O60511 002 0.025 - 
Min 5.9 ETA 1.4 22 0:532 0211 0 TA T7 
6.1 4.0 1.6 2.2 0.538 0258» «0.300 T 6 
Max 10.9 6.0 216 ome 0.627 0.260 0.373 14 9 
12.0 6.7 Ke 3.9 0.656 0300 0.361 14 9 
N 4 4 4 4 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 


TABLE 5. Asperarca xenophoricola. Shell measurements (mm), indices and summary statistics of all 
characters for whole shells: L — shell length; H — height; W — width; A — anterior end length; L1 — 
interumbonal distance. 


Specimen L H W A L1 H/L W/L A/L LAL 


NMW 1955.158.10257 10.0 3.9 4.9 32 13 0.550 0490 0320 0.130 
NMW 1955.158.10257 9:6 5.7 3.9 3.2 10 0.594 0.406 0.333 0.104 
NMW 1955.158.10256 9.5 3.0 4.0 3.1 0.9 0579 Om21 09326 0.095 
NMW 1955.158.10256 9.3 9.5 4.3 2.8 0.9 Gisot 0me2 0:301 0.097 
NMW 1955.158.10256 8.2 5.2 3.6 ar 0.8 0.634 0.439 0.329 0.098 
NMW 1955.158.10256 7.4 9.0 3.3 2.7 0.7 0.676 0.446 0.365 0.095 


Statistics L H W A L1 M/L W/L A/L ladle 
Mean 9.00 5.40 4.00 2.95 O96 060 0444 0329 0.103 
SE 0.40 0.10 0.23 0.10 0.08 0.018 0.012 0.009 0.006 
SD 0.99 0.25 0.56 0.24 0.21 O44 0030 0921 0.014 
Min 7.4 50 33 sad 0.7 0.550 02406 0301 0.005 
Max 10.0 S 4.9 32 u3 0.676 0490 0.365 0.130 


N 6 6 6 6 6 6 6 6 6 
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FIGS. 17-29. Asperarca nodulosa. FIGS. 17-18, 21-22: Exterior and interior views of right (length 
10.1 mm) and left (length 10.3 mm) valves, Norway, northeastern Atlantic (NMW 1955.158.10253): 
FIG. 19: Dorsal view of both valves (shell length 11.7 mm), Bergen, Norway, northeastern Atlantic 
(NMW 1955.158.10252); FIG. 20: Dorsal view of both valves (shell length 9.5 mm (NMW 
1955.158.10253); FIGS. 23-25, 27-28: Dorsal and interior views, prodissoconch, and hinge of right 
valve (NMW 1955.158.10253); FIGS. 26, 29: Exterior view and sculpture of left valve without 
periostracum (NMW 1955.158.10253). Scale bars = 300 um. 


Genus Deltaodon Barnard, 1962 
Type species 


Deltaodon tugelae Barnard, 1962, by origi- 
nal designation. 


Diagnosis 


Sheil small (< 26 mm), thick, moderately in- 
flated, ovate-trapezoidal to trapezoidal, 
equivalve or slightly inequivalve (left valve 
sometimes larger and more inflated), strongly 


inequilateral. Umbones strongly anterior, 
prosogyrate. Cardinal area very narrow. Sculp- 
ture of lamellate commarginal ridges and nodu- 
lose, widely spaced radial riblets. Periostracum 
thin, sometimes slightly hirsute, with short se- 
tae along posteroventral margin. Hinge plate 
broad, curved, most concave and thin poste- 
rior to beaks. Teeth divided into anterior and 
posterior sets by a shallow oblique groove; 
anterior teeth long, angular, forming an oval 
group; posterior teeth oblique to subhorizontal. 
Adductor scars slightly raised. Byssal sinus 
faint or absent. Ligament external, opisthodetic. 
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FIGS. 30-42. Asperarca xenophoricola. FIGS. 30-31, 34-35: Exterior and interior views of right 
(length 10.9 mm) and left (length 12.0 mm) valves. Kiji, Japan, northwestern Pacific (NMW 
1955.158.10256); FIG. 32: Dorsal view of both valves (shell length 10.0 mm), Kiji, Japan, northwest- 
ern Pacific (NMW 1955.158.10257); FIG. 33: Dorsal view of both valves (shell length 9.6 mm (NMW 
1955.158.10257); FIGS. 36, 38, 41: Dorsal and interior views and hinge of right valve (NMW 
1955.158.10257); FIGS. 37, 40: Prodissoconch of right valve (NMW 1955.158.10257); FIGS. 39, 42: 
Exterior view and sculpture of left valve without periostracum (NMW 1955.158.10257). Scale bars = 


300 um. 


Remarks 


This genus was omitted by Newell (1969) and 
is currently represented by a single species D. 
tugelae. Kilburn (1983) considered Deltaodon 
to be a subgenus of Samacar Iredale, 1936, 
because the posterior teeth of the type spe- 
cies, D. tugelae, are subparallel to the dorsal 
shell margin, as in the holotype of S. strabo 
(Hedley, 1915). However, the present study of 
type and extensive additional material of S. 
strabo showed that Deltaodon is unlike Sama- 
car in having a very high shell with a non-hir- 
sute periostracum, and a very broad, strongly 


curved hinge plate. It further differs in that the 
hinge teeth are separated into anterior and 
posterior sets by a very narrow, oblique groove, 
and very long, angular anterior teeth, some- 
times bifid at their lower ends (Barnard, 1962; 
Kilburn, 1983; Kamenev, 2007). Taking into ac- 
count the marked differences in shell and hinge 
morphology, De/taodon is considered as a dis- 
tinct genus (Kamenev, in press). 
Examination of the shell morphologies of B. 
rubrotincta and the type species of the genus 
Bentharca has shown that B. rubrotincta dif- 
fers from B. asperula (Figs. 2-16, 43-56, 
Tables 1-2, 7). The distinctive features of B. 
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TABLE 6. Dealtaodon tugelae. Shell measurements (mm), indices and summary statistics of all char- 
acters for separated valves: L — valve length; H — height; W — width (after Barnard, 1962). 


Specimen L H W H/L =- WIL 
SAM Reg. No. A9477 9.0 E 20 0.778 0:222 
SAM Reg. No. A9477 20.0 16.0 4.0 0.800 0.200 
SAM Reg. No. A9477 20.0 14.5 39 0.725 075 
SAM Reg. No. A9477 22.0 1720 9.9 0.773 0.250 
SAM Reg. No. A9477 25.0 19.0 5.0 0.760 0.200 

Statistics L H W EIL. W/L 
Mean 19:2 14.7 4.0 0.764 0.206 
SE 2 2.06 0.61 0.016 0.016 
SD 6.06 4.60 1:37 0.031 0.031 
Min 910 7.0 20 0.725 0.175 
Max 25.0 19:0 5.5 0.800 0.250 
N 5 5 5 3 5 


rubrotincta are a thicker shell, with a very nar- 
row cardinal area; stronger radial sculpture; 
weakly developed hirsute periostracum; broad, 
strongly curved hinge plate; the presence of 
oblique groove between the anterior and pos- 
terior tooth sets; large, curved anterior teeth; 
and a very long posterior tooth set with a larger 
number of teeth. In shell morphology and hinge 
structure, B. rubrotincta is most similar to the 
type species Deltaodon (Figs. 57-61, Table 
6). Both have a thick shell, with a very narrow 
cardinal area, broad and strongly curved hinge 
plate, with an oblique groove separating the 
anterior and posterior tooth sets, and large, 
curved anterior teeth forming an oval group 
(Tables 1, 6-7). Therefore, B. rubrotincta is 
referred to Deltaodon. 


Deltaodon rubrotincta (Kuroda & Habe in 
Habe, 1958) 
(Figs. 43-56; Table 7) 


Bentharca rubrotincta Kuroda & Habe in Habe, 
1958: 252-253. 

Bentharca rubrotincta Kuroda & Habe, 1958 — 
Habe, 1977: 34; Li, 1984: 157, pl. 2, fig. 10. 
Bentharca xenophoricola (Kuroda) — Noda, 
1988: pl. 1, figs. 13a—15b. 

Porterius pacificus (Nomura & Zinbo) — Noda, 
1988: pl. 1, fig. 5a—b. 


Type Locality 
Bungo Strait off western Shikoku, between 


Kyushu and Shikoku, 110 m, gravel and shells 
(Habe, 1958; Higo et al., 1999). 


Material Examined 


Six specimens from Miyako-Jima Islands, 
Ryuku Archipelago, Japan, 150 m (NSMT 
51916). 


Description (expanded from Habe, 1958) 


Exterior. Shell small (to 12.6 mm), trapezoi- 
dal, high [H/L right valve = 0.653 + 0.024 
(0.610—0.691); H/L left valve = 0.667 + 0.026 
(0.632—0.703)], slightly inequivalve (left valve 
slightly larger and more inflated), moderately 
inflated [W/L right valve = 0.212 + 0.013 
(0.193—0.232); W/L left valve = 0.230 + 0.017 
(0.206-0.257)], strongly inequilateral, thick, 
solid, reddish-brown, with white rays and 
spots. Sculpture of slightly imbricated, wide, 
commarginal lamellate ridges and high, nodu- 
lose, widely spaced radial ribs of varying 
breadth. Periostracum thin, pale gray, weakly 
hirsute, with short, thin setae along postero- 
ventral shell margin. Umbones small, low, 
rounded, prosogyrate, strongly anterior to mid- 
line [A/L right valve = 0.201 + 0.039 (0.158- 
0.258); A/L left valve = 0.192 + 0.035 
(0.143—0.242)]. Interumbonal distance very 
small [L1/L = 0.023 (0.015—0.032)]. Cardinal 
area needle-shaped in dorsal view, very nar- 
row, widest in front of umbones, span roof- 
shaped in cross section, anteriorly delineated 
by termination of sculpture, and posteriorly 
demarcated by ridges. Anterior shell end re- 
duced, slightly angular. Posterior end ex- 
panded, angular rounded, slightly flexed to 
right, with a faint radial carina from beaks to 
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ventral limit of posterior end. Central part of 
valves with a distinct byssal flexure (more ex- 
pressed in left valve), extending from beaks to 
ventral byssal gape. Anterodorsal margin 
straight, forming a sharp angle at transition to 
anterior margin. Anterior margin almost 


straight, slightly directed posteriorly, smoothly 
transitioning to ventral margin. Posterodorsal 
margin straight, forming a distinct obtuse angle 
at transition to posterior margin. Posterior mar- 
gin slightly concave, posteriorly directed, form- 
ing a rounded angle at transition to ventral 
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FIGS. 43-56. Deltaodon rubrotincta. Miyako-Jima Islands, Ryukyu Archipelago, 150 m (NSMT 51916). 
FIGS. 43-45, 47-48: Exterior and interior views of right (length 10.9 mm) and left (length 12.0 mm) 
valves, and dorsal views of both valves; FIGS. 46, 49-50, 52-53: Dorsal and interior views, 
prodissoconch, and hinge of right valve; FIGS. 51, 56: Exterior view and sculpture of right valve 
without periostracum; FIGS. 54-55: Hinge of left valve. Scale bars = 300 um. 
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margin. Ventral margin slightly concave in area 
of byssal gape (concavity more conspicuous 
in left valve). Ligament opisthodetic, narrow, 
long (more than 1⁄2 of posterior part of cardinal 
area). Prodissoconch small (length 205-215 
um), D-shaped, smooth. 

Interior. Hinge plate broad, strongly curved, 
most concave and thinnest posterior to beaks, 
strongly widening anteriorly and posteriorly, with 
a conspicuous ligamental groove under poste- 
rior teeth. Teeth divided into anterior and pos- 
terior sets by a shallow, oblique groove posterior 
to beak. Anterior set short, forming an oval 
group of 4—7 teeth; posterior set long, with 9- 
18 teeth. Anterior teeth long, large, oblique, 
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mostly curved, boomerang-shaped. Posterior 
teeth long, increasing in size, oblique, diverg- 
ing to a varying degree, inner teeth slightly 
curved. Adductor scars rounded-triangular, 
slightly raised, unequal; posterior adductor scar 
larger than anterior. Shell interior reddish- 
brown, with white rays and spots, and with weak 
radial lines more conspicuous near pallial line. 


Variability 


Shell shape and proportions vary little (Table 
7). Relative height and convexity of the shell 
and the location of the beaks are slightly vari- 
able. The number of teeth in the anterior and 


TABLE 7. Deltaodon rubrotincta. Shell measurements (mm), indices and summary statistics of all 
characters for separated valves: L — valve length; H — height; W — width; A — anterior end length; L1 
— interumbonal distance. Numerator indicates shell measurements and indices for the right valve, 
denominator — for the left valve. NM — not measured. 


Specimen L H W A L1 
Holotype (after 8.2 50 19 NM 
Habe, 1958) 9.5 6.0 2.2 NM NM 
NSMT 51916 114 7.5 2.2 1.8 
126 80 2.6 1.8 04 
NSMT 51916 94 65 2.0 49 
W fal 2.6 2.0 0.2 
NSMT 51916 a89 a56 41.8 15 
9.6 6.4 2.1 a 0.2 
NSMT 51916 8.2 wa to TO 
8.6 5.9 2.0 15 0.2 
NSMT 51916 58 25 06 0.9 
4.1 2.8 0.9 0.9 0.1 
NSMT 51916 2.1 20 O 0.8 
23 2.2 0.8 08 0105 
Statistics K H A L1 
Mean 757 496 159 41.40 
826 549 188 145- 019 
SE Lae n UT O22 O10 
127 0&2 0286 020 0.05 
SD S802 202 059 016 
3.360 2.17 0.74 O49 0.12 
Min =| 20 Of 8 
ous yw 0.8 De tos 
Max m Zo 22 1.9 
126 80 Zp 2.0 0.4 
N 7 Ka G 6 6 
7 7 7 6 6 


Number of teeth 


HL. W/L AC LIL Anterior Posterior 
0.610 0.232 NM NM NM 
0.632 0.232 NM NM NM NM 
0638 0.193 0.158 L 18 
0.639 0206 @lae 0:032 m 18 
0.691 0.213 0.202 5 14 
0.703 0257 0198 0020 6 14 
0.652 0.202 0.169 6 16 
0667 0.219 0.177 07021 om 16 
0.659 0.207 0.183 4 12 
0:6865 0:2939 TTA V023 5 1 
0656 0211 0237 4 M 
0.683 0220 0.220 0.024 4 11 
0.645 0.226 0.258 4 9 
0:1667 0.242 0.242 0.015 4 10 
Number of teeth 
rid Wibe Ad EL Anterior Posterior 
0.406 Q212 0.201 
0:667 0:230 0.492 0023 - - 
0.009 0.005 0.016 
0.010 0.006 0.014 0.002 - - 
0.024 0.013 0.039 
0.026 0017 0035 0.006 - - 
0.6410 0.193 0.1458 4 9 
0:632 0.206 CHS 0:015 4 10 
0.691 0.232 0.258 V4 18 
0.703 0257 0.242 0032 7 18 
T 4 6 6 6 6 
T7 T 6 6 6 6 
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60 


FIGS. 57-61. Deltaodon tugelae. FIG. 57: Hinge teeth of right valve of juvenile (length 9.0 mm); FIG. 
58: Exterior view of right valve (length 20.0 mm); FIG. 59: Dorsal view of right valve. FIGS. 60-61: 
Hinge teeth of right valves of two shells to show variation (after Barnard, 1962). 


posterior sets depends on the size of the speci- 
men. The posterior teeth diverge to a variable 
degree. The canting angle of posterior teeth 
varies from 30° to 60°. 


Distribution and Habitat 


Deltaodon rubrotincta occurs off Japan from 
the Kii Peninsula to the Yaeyama Islands 
(Habe, 1958, 1981; Higo et al., 1999), in the 
East China Sea and South China Sea (Higo 
et al., 1999), and off China (Li, 1984). This 
species was recorded at depths from 100 m 
to 200 m, attached to rocks and stones (Habe, 
1958, 1977; Higo et al., 1999). 


Comparison 


In contrast to D. tugelae, D. rudrotincta has 
a more elongate, reddish-brown shell, a nar- 
rower hinge plate, and shorter anterior teeth 
unbifid at their lower ends (Tables 1, 6-7). 


ACKNOWLEDGMENTS 


| am very grateful to Professor T. W. Pietsch 
and Dr. K. Stiles (UW, Seattle) for arrangement 
of my visit to the UW and work with the bivalve 
mollusk collection, for all-round, very kind, and 
friendly help during my stay and work in Se- 


attle; to Professor A. J. Kohn and Dr. G. Jensen 
(UW, Seattle) for great help during work with 
the bivalve mollusk collection at the UW; to Dr. 
P. D. Roopnarine and Miss E. Kools (Depart- 
ment of Invertebrate Zoology, CAS) for ar- 
rangement of my work with the bivalve mollusk 
collection at the CAS and great help during this 
work; to Mr. Gary Cook (Berkeley) for all-round, 
very kind and friendly help during my stay and 
work in San Francisco; to Dr. E. V. Coan (De- 
partment of Invertebrate Zoology, CAS) for 
sending copies of scientific papers necessary 
for this work; Mr. Paul Valentich-Scott (Depart- 
ment of Invertebrate Zoology, SBMNH) for ar- 
rangement of my work with the bivalve mollusk 
collection at the SBMNH and great help dur- 
ing this work; to Dr. B. |. Sirenko and all col- 
laborators of Marine Research Laboratory 
(ZIN) for sending specimens of Bathyarca spe- 
cles; to Dr. H. Saito (NSMT) for sending speci- 
mens of Acar, Barbarca, Barbatia, Bathyarca, 
Bentharca, Coraliarca, Hawaiarca, Mimarcaria, 
and Samacar species; to Dr. G. Oliver and Ms. 
Harriet Wood (NMW) for the consultations and 
sending specimens of Bentharca species; to 
Dr. B. A. Marshall (NMNZ) for consultation and 
for sending specimens of Bentharca species 
and copies of scientific papers necessary for 
this work; to Dr. R. La Perna (Universita di Bari, 
Bari, Italy) for consultation and for sending re- 
prints of scientific papers necessary for this 


TAXONOMIC POSITION OF SOME BENTHARCA SPECIES 365 


work; to L. T. Groves (LACM) for sending speci- 
mens of B. asperula; to Drs. |. Loch and A. 
Miller (AMS) for sending specimens of S. 
strabo and photographs of the holotype of this 
species; to Drs. G. W. Hughes and K. Sendall 
(RBCM) for sending specimens of Bathyarca 
species; to Mr. D. V. Fomin (IMB) for help with 
the scanning electron microscope; to Miss T. 
N. Koznova (IMB) for help with translating the 
manuscript into English; to Dr. George M. Davis 
(George Washington University, Washington, 
D.C.) for help in the publication of manuscript; 
to Dr. Gustav Paulay and two anonymous re- 
viewers for comments on the manuscript. 


LITERATURE CITED 


BARNARD, K. H., 1962, New species and 
records of South African marine Mollusca from 
Natal, Zululand, and Moçambique. Annals of 
the Natal Museum, 15(19): 247-254. 

COAN, E. V., P. V. SCOTT & F. R BERNARD, 
2000, Bivalve seashells of western North 
America. Marine bivalve mollusks from Arctic 
Alaska to Baja California. Santa Barbara Mu- 
seum of Natural History, Santa Barbara, Cali- 
fornia. viii + 764 pp. 

DALL, W. H., 1881, Reports on the results of 
dredging, under the supervision of Alexander 
Agassiz, in the Gulf of Mexico, and in the Gulf 
of Mexico, and in the Caribbean Sea, 1877- 
79, by the United States Coast Guard Steamer 
“Blake,”.... XV. Preliminary report on the Mol- 
lusca. Bulletin of the Museum of Comparative 
Zoology, 9(2): 33-144. 

HABE, T., 1951, Genera of Japanese shells. 
Pelecypoda — 1. Kairui Bunken Kankokai, 
Kyoto. 96 pp. 

HABE, T., 1958, Report on the Mollusca chiefly 
collected by the S. S. Sôyô-Maru of the Impe- 
rial Fisheries Experimental Station on the con- 
tinental shelf bordering Japan during the years 
1922-1930. Part 3. Lamellibranchia (1). Publi- 
cations of the Seto Marine Biological Labora- 
tory, 6(3): 241-280. 

HABE, T., 1977, Systematics of Mollusca in Ja- 
pan. Bivalvia and Scaphopoda. Zukan-no- 
Hokuryukan, Tokyo. 372 pp. 

HABE, T., 1981, Bivalvia. Publications of the Seto 
Marine Biological Laboratory, Special Publication 
Series “A catalogue of molluscs of Wakayma 
Prefecture, the Province of Kii. |. Bivalvia, 
Scaphopoda and Cephalopoda”, 7(1): 25-224. 

HABE, T., T. KUBOTA, A. KAWAKAMI & O. 
MASUDA, 1986, Check list of the shell-bear- 
ing Mollusca of Suruga Bay, Japan. Science 
reports of the Natural History Museum Tokai 
University, 1: 1-44. 

HAYAMI, |. & T. KASE, 1993, Submarine cave 
Bivalvia from the Ryukyu Islands: systematic 
and evolutionary significance. University Mu- 
seum, University of Tokyo, Bulletin, 35: 1-133. 

HIGO, S5., P CALLOMORN & Y. GOTO, 1999, 
Catalogue and bibliography of the marine shell- 


bearing Mollusca of Japan. Elle Scientific Pub- 
lications, Osaka-shi. 749 pp. 

KAMENEV, G. M., 2007, Genus Samacar Iredale, 
1936 (Bivalvia: Arcidae) with descriptions of a 
new subgenus and two new species from the 
northern Pacific. Journal of Conchology, 39(3): 
297-320. 

KILBURN, R. N., 1983, The Recent Arcidae (Mol- 
lusca: Bivalvia) of southern Africa and 
Mozambique. Annals of the Natal Museum, 
25(2): 511-548. 

KNUDSEN, J., 1967, The deep sea Bivalvia. 
John Murray Expedition 1933-34, Scientific 
Reports, 11(3): 237-343. 

KNUDSEN, J., 1970, The systematics and biol- 
ogy of abyssal and hadal Bivalvia. Galathea 
Report, 11: 241 pp. 

KURODA, T., 1929, An illustrated catalogue of 
the Japanese shells. The Venus, Supplement, 
1(4): 9-16. 

KURODA, T., 1930, An illustrated catalogue of 
the Japanese shells. The Venus, Supplement, 
2(1): 27-34. 

LA PERNA, R., 1998, On Asperarca Sacco, 1898 
(Bivalvia, Arcidae) and two new Mediterranean 
species. Bollettino Malacologico, 33(1-4): 11-18. 

LI, F., 1984, A study of the Arcidae from China 
coasts. |. Arcinae. Studia Marina Sinica, 23: 
145-161. 

NEWELL, N. D., 1969, Family Arcidae. Pp. 250- 
256, in: R.C. MOORE, ed., Treatise on Inverte- 
brate Paleontology, Part N, Mollusca 6 
(Bivalvia), Vol. 1. Geological Society of America 
and University of Kansas, Lawrence, Kansas. 

NODA, H., 1988, Neogene arcoids (Mollusca; 
Bivalvia) from the Ryukyu Islands, southwest 
Japan. Saito Ho-on Kai Special Publication 
(Professor Tamio Kotaka Commemorative Vol- 
ume), 107-127, pls. 1-4. 

NOMURA, S. & N. ZINBO, 1934, Marine Mol- 
lusca from the “Ryukyu Limestone” of Kikai- 
zima, Ryuku Group. The Science Reports of 
the Tohoku Imperial University (2 — Geology), 
16(2): 109-164. 

OKUTANI, T., ed., 2000, Marine mollusks in Ja- 
pan. Tokai University Press, Tokyo. 1175 pp. 
OLIVER, G. & J. A. ALLEN, 1980, The functional 
and adaptive morphology of the deep-sea spe- 
cies of the Arcacea (Mollusca: Bivalvia) from the 
Atlantic. Philosophical Transacations of the 
Royal Society of London, (B) 291(1045): 45-76. 

OLIVER, G. & R. VON COSEL, 1993, Taxonomy 
of tropical West African Bivalves. IV. Arcidae. 
Museum National d'Histoire Naturelle, Bulle- 
tin (A — Zoologie), 4, 14(2): 293-381. 

SACCO, F., 1898, I molluschi dei terreni terziarii 
del Piemonte e della Liguria. Parte XXVI. 


(Arcidae, Pectunculidae, Limopsidae, 
Nuculidae, Ledidae, Malletidae). Clausen, 
Torino. 92 pp. 


VERRILL, A. E. & K. J. BUSH, 1898, Revision of 
the deep-water Mollusca of the Atlantic coast 
of North America, with descriptions of new gen- 
era and species. Proceedings of the United 
States National Museum, 20: 775-932. 


Revised ms. accepted 28 December 2006 


